Biopetrol synthesized from palmitic acid-heterogeneous catalytic cracking by granular metal by Mohd Hidayat, Hashim
vii 
 
 
 
 
 
 
 
ABSTRACT 
 
 
 
 
Palmitic acid is one of the major fatty acid in vegetable oil. In this research, granular 
copper catalysts are used over the conversion of palmitic acid into isooctane as the 
future biopetrol. Biopetrol is defined as fuel which has the same characteristics with 
commercial petrol in terms of its molecular formula. The main purposed of studies is 
to improve the concentration of isooctane using dynamic catalytic cracking method. 
The effect of various rotation speeds of agitator at 600rpm, 780rpm, 960rpm and 
1120rpm are studied over the yield of biopetrol at 98
o
C. Gas chromatography is used 
for the qualitative and quantitative analysis of the samples. Backward calculation is 
applied to calculate the actual concentration of isooctane in the diluted cracking 
palmitic acid. The maximum yield of desired isooctane obtained at 960rpm of rotation 
speed is recorded at 27.09555%. Experimental works has successful show that 
dynamic catalytic cracking is greater in conversion than static catalytic cracking and 
thermal cracking.  
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ABSTRAK 
 
 
Asid palmitik adalah salah satu asid lemak utama di dalam minyak sayuran. Dalam 
kajian ini, agen pemangkin butiran kuprum telah digunakan untuk memperolehi  
isooktana daripada asid palmitik untuk dijadikan sebagai biopetrol pada masa akan 
datang. Biopetrol didefinasikan sebagai bahan bakar yang mempunyai formula 
molekul yang sama dengan petrol biasa. Tujuan utama kajian ini dijalankan adalah 
untuk memperbaiki kepekatan isooktana menggunakan kaedah penguraian agen 
pemangkin yang dinamik. Kesan pelbagai nilai kelajuan pengacau pada 600rpm, 
780rpm, 960rpm and 1120rpm  dikaji terhadap penghasilan biopetrol pada suhu 98
o
C. 
Alat Gas Kromatografi telah digunakan untuk kualitatif dan kuatitatif analisis semua 
sampel. Pengiraan semula kepekatan isooktana tanpa pencairan heksana digunakan 
untuk mengira kepekatan sebenar isooktana di dalam cairan acid palmitic yang terurai 
Kepekatan maksimum isooktana dicatatkan pada kelajuan 960rpm iaitu sebanyak 
27.09555%. Experimen ini telah berjaya membuktikan kaedah penguraian agen 
pemangkin yang dinamik  lebih bagus berbanding kaedah penguraian agen pemangkin 
yang statik dan kaedah penguraian haba.  
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CHAPTER 1 
 
 
 
 
 
INTRODUCTION 
 
 
 
 
 
1.0 Introduction 
 
       Based on world crisis today, demanding on the fuel will rise up. The 
conflicts and politic instability in the Middle East especially cause the instability in 
world fuel price.  The amounts of fuels reserve in this world are decreasing and 
since then, the prices of fuel are increasing gradually every year. In Malaysia, the 
amounts of fuel reserve were predicted to be last for just 20 years from now. Since 
then, many researchers have been conducted to find other alternative fuel to 
substitute petrol and diesel which are now found biopetrol and biodiesel as a new 
fuel. Actually, biopetrol is defined as fuel which has the same characteristics with 
commercial petrol in terms of its molecular formula. Today, the development of a 
process based on palm oil which will convert it to biofuels had been done by many 
researchers and it is proved that biopetrol is suitable for petrol engine. This study is 
to find the concentration of isooctane from palmitic acid (palm oil waste).  
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1.1 Research Background and Problem Statement 
1.1.1 The Instability of Oil Prices 
 The price of oil, like the price of all commodities, is subject to major swings 
over time, particularly tied to the overall business cycle. When demand for a 
commodity like oil exceeds production capacity, the price will rise quite sharply 
because both demand and supply are fairly inelastic in the short run. Today, the 
petroleum price issues is usually burdening people in the world. The petroleum 
price in the world market is instable caused by the decreasing fuel supply and the 
sources are unevenly spread.  
 
Figure 1.1: World Oil Prices, 1994-March 2008 
 
Figure 1.2: Petrol Price in Malaysia from May 2004 to Jun 2008 
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 Users of oil might be shocked by much higher prices, but they have 
commitments and habits that determine their energy use, and these take time to 
adjust. On the supply side, especially at the outer edge of existing production 
capacity, adding new capacity is time-consuming and expensive. Over time, 
however, both businesses and individuals figure out ways to cut back their oil 
consumption in response to high prices, and the high prices promote new 
investment in production and the arrival of new sources in the market, gradually 
restoring a supply-demand balance. The extraordinary spike in prices in mid-2008 
represents to a large extent the consequences of a brief period where global oil 
demand outrun supply. 
 From Figure 1.1 and 1.2, the instability of oil prices in the market (rapidly 
increase) can be seen and observed. Although today the oil price is lower than 
before, but the possibilities of increasing of the oil prices still occur. The instability 
of political and economic atmosphere especially in Middle East region especially 
about Iran‟s nuclear program issue and conflicts in this region also contribute into 
this crisis. 
 
Figure 1.3: Malaysia‟s Oil Production and Consumption 
 In Figure 1.1, the blue line represents the oil production in Malaysia which 
is 820,000 barrels per day in 1998. Unfortunately, the oil production decreases to 
620,000 barrels per day in 2008. The green line represents the oil consumption in 
Malaysia. From 1998 to 2008, the consumption line is increasing slowly. Within 10 
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to 20 years from now, all the crude oils will finish up without any preservation 
awareness. 
 Today, the production of biopetrol from the waste of palm oil (palmitic acid) 
will give an alternate choice to the users, especially for petrol-engine vehicles‟s 
owner. In addition, this biopetrol, which is graded 100 for its octane number, burns 
very smoothly so biopetrol can reduce emissions of some pollutants (Omar, 
2005:3). 
 
 
1.1.2 The Demand of Oil 
 When the supply exceeds the demand, microeconomic theory verdicts the 
price should collapse to the marginal cost of production of the most expensive 
source. As the price drops, the most expensive wells become uneconomical and are 
shut down, at least temporarily. Price equilibrium reaches somewhere near the 
production cost of the most expensive source needed to meet global demand.  
 
   Figure 1.4: World Oil Production and Demand in Millions of Barrels per Day 
 As global oil production begins to decline (after "peak oil"), the medium-
term volatility of oil prices is likely to be higher than before, because the range of 
production costs among all sources supplying the market will be much greater. 
Major oil fields exist where the cost of production is comfortably below US$10 per 
barrel, and these are adequate to supply all global demand for many years. A large 
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portion of the world's supply still comes from such inexpensive sources. Future 
shortages and high prices, however, will spur the development of oil sources with 
production costs of $50, $70, even $100 per barrel, including deep water sites, tar 
sands, oil shale, and secondary recovery from depleted fields. In the language of 
microeconomic theory, the supply curve will be much steeper than in past years. 
Shifts in demand (artificially created or otherwise), either up or down, will cause 
relatively larger swings in market price. 
 
 
1.1.3 The Environmental Issue 
 Environmental pollution and diminishing supply of fossil fuels are the key 
factors leading to search for the alternative sources of energy. Today, 86% of the 
world energy consumption and almost 100% of the energy needed in the 
transportation sector is met by fossil fuels (Dorian et al., 2006). Since the world‟s 
accessible oil reservoirs are gradually depleting, it is important to develop suitable 
long term strategies based on utilization of renewable fuel that would gradually 
substitute the declining fossil fuel production (Westermann et al., 2007) 
 Gasoline is one of the sources of pollutant gases.  Gasoline produces carbon 
dioxide, nitrogen oxides, and carbon monoxide in the exhaust of the engine which 
is running on it. Carbon emissions have been increasing ever since the industrial 
revolution. Today, the atmosphere contains about 380 parts per million of carbon 
dioxide and still increases by approximately two parts per million annually.  During 
this time range, the global average temperature has risen by more than 1°F since 
carbon dioxide traps heat near the Earth‟s surface (Wikipedia, 2009). Our Earth will 
face an enormous rise in sea level due to the melting of Greenland and West 
Antarctic glacier, ice sheets and icebergs.  Furthermore, unburnt gasoline and 
evaporation from the tank, when in the atmosphere, react in sunlight to produce 
photochemical smog. 
 
 Palmitic acid is the dominative component in palm oil waste. Its disposal 
into water supply sources causes serious water pollution. Besides that the loss of 
palmitic acid as a useful industrial component also occurs so that it is not utilized 
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much and always eliminated to improve and upgrade the quality of crude palm oil. 
Thus, it is disposed as palm oil waste and then pollutes water resources by its 
spillage.  
 
 
 
 
1.1.4 The Yield Concentration of Isooctane 
 According to the previous research, the yield of biopetrol using thermal 
cracking and static catalytic cracking is small. In this research, the concentration of 
isooctane that is produced from palmitic acid and also the conversion of fatty acids 
to form desired isooctane in biopetrol will be improved by using dynamic catalytic 
cracking process and use copper granular as catalyst. 
 
 
 
 
1.2 Objectives 
 
1. To analyze isooctane obtained from palmitic acid. 
2. To improve the catalytic cracking process into industrial catalytic  cracking 
 process through heterogeneous catalyst. 
3. To improve the catalytic cracking process to crack the palmitic acid 
 complex into the smaller hydrocarbon molecules through heterogeneous 
 catalyst. 
 
 
 
 
1.3 Scopes of Study 
 
1. To describe the molecular arrangement of isomerization in catalytic 
 cracking process with presence of catalyst. 
2. Comparisons of the isooctane obtain with the previous research. 
3. Comparison of the mode of the catalyst process with the previous  research. 
4. To determine the amount of isooctane after dynamism catalytic cracking. 
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5. To identify the composition of isooctane using Gas Chromatography 
 method. 
6. Description of the molecular arrangement during isomerization of 
 palmitic acid through catalytic cracking process with the presence of 
 catalyst. 
 
 
 
 
 
1.4 Rationale and Significance 
 
 Actually, for the next few years, biofuels will become very important and 
high potential for our daily fuel consumed. Biofuels are very popular in market 
demand nowadays for instance biodiesel, biopetrol and biomass. There are many 
advantages of biofuel which are: 
 
1. Isooctane (B100) obtain in biopetrol by catalytic cracking reduce the 
 hydrocarbon chain cause effective combustion in petrol engine and 
 increase engine life.   
2. Biopetrol is biodegradable and renewable resource, able to sustain the 
 energy supply for transportation.  
3. The source (palmitic acid) can be found easily in most vegetable oil  
  especially in palm oil (Malaysia) and wider the palm oil application for  
  biopetrol. Nowadays, Malaysia is one of the world‟s leading growers of  
  palm oil. 
4. Contribute to the society in preventing the community from any harm 
 and danger  for instance water and air pollutions.  
5. Environmental friendly for palmitic acid. 
6. Biopetrol is sulphur free and able to reduce the emission of green  emission 
 gas more than 40 percent.  
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CHAPTER 2 
 
 
 
 
 
 LITERATURE REVIEW 
 
 
 
 
 
2.0 Definition of fuel 
 
 Fuel (from Old French feuaile, from feu fire, ultimately from Latin focus 
fireplace, hearth), is any material that is burned or altered to obtain energy and to 
heat or to move an object. Fuel is any material that is burned or altered to obtain 
energy and to heat or to move an object. Fuel releases its energy either through a 
chemical reaction means, such as combustion, or nuclear means, such as nuclear 
fission or nuclear fusion. Fuel releases its energy either through a chemical reaction 
means, such as combustion. The common fuels used in industry, transportation, and 
the home are burned in air. The carbon and hydrogen in fuel rapidly combine with 
oxygen in the air in an exothermal reaction one that liberates heat. Most of the fuels 
used by industrialized nations are in the form of incompletely oxidized and decayed 
animal and vegetable materials, or fossil fuels, specifically coal, peat, lignite, 
petroleum, and natural gas. From these natural fuels other artificial ones can be 
derived. Gasoline, kerosene, and fuel oil are made from petroleum. For most 
transportation, fuel must be in a liquid form. 
 
 Usually fuel and only refer to easily flammable substances in air (the air is 
the oxidizer needed by a fuel to burn, and it is needed in larger quantities than fuels, 
so at first glance on it seems appropriate. 
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2.1 Fuel Types by Period of Natural Renovation 
 
2.1.1 Fossil fuels 
 
 Fossil fuels, coal, oil and natural gas, are a non-renewable source of energy. 
Formed from plants and animals that lived up to 300 million years ago, fossil fuels 
are found in deposits beneath the earth. The fuels are burned to release the chemical 
energy that is stored within this resource. Energy is essential to modern society as 
we know it. Over 85% of our energy demands are met by the combustion of fossil 
fuels.  
 
 Fossil fuels are non-renewable resources because they take millions of years 
to form, and reserves are being depleted much faster than new ones are being 
formed. The production and use of fossil fuels raise environmental concerns. A 
global movement toward the generation of renewable energy is therefore under way 
to help meet increased energy needs. 
 
 Going back to the earlier days of Earth, the plants and animals that lived 
then eventually died and decomposed. The majority of these life forms were 
phytoplankton and zooplankton. When these ancient ocean dwellers died, they 
accumulated on the bottom of a seabed; this is how a good portion of our fossil fuel 
reserves began. The actual transformation process of these prehistoric creatures is 
not known, but scientists do know that the pressure, heat, and a great deal of time 
go into the making of fossil fuels.  
 Geologists are fairly certain that the beds of organic remains mixed with silt 
and mud to form layers. Over time, mineral sedimentation formed on top of the 
organisms, effectively entombing them in rock. As this occurred, pressure and 
temperature increased. These conditions, and possibly other unknown factors, 
caused organic material to break down into the simpler form of hydrocarbons: 
chains of carbon and hydrogen ranging from simple configuration to complex 
compounds. Another affect of extreme pressure is that the oil and gas which are 
various mixtures of hydrocarbons, migrate upwards to the surface. Exactly when in 
the conversion process and the nature of this migration is not known and is subject 
to conjecture.  
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 Oil and gas are found in the underground layers, not freely drifting up 
through the earth. This is because the hydrocarbons come across rock formations 
that they are unable to penetrate. Complex rock structures that effectively trap gas 
and oil are formed by tectonic plate activity, the same forces that shift continents. 
The most common formation that accomplishes this is called an anticline, a dome 
or arched layer of rock that is impermeable by oil and gas. Underneath this barrier, 
a reservoir builds up. Oil fields have been found everywhere around the world 
except for the continent of Antarctica.  
 The main point of this is that all of these fossil fuels are made of 
hydrocarbons. It may come as a surprise that these two elements, hydrogen and 
carbon, can create many, many different compounds with unique characteristics. 
What makes hydrocarbons valuable to our society is the stored energy stored within 
them. This energy is contained in the atomic bonds. The original source of this 
energy is all the solar energy the prehistoric organisms trapped in their bodies eons 
ago. 
 The burning of fossil fuels produces around 21.3 billion tonnes (= 21.3 
gigatons) of carbon dioxide per year, but it is estimated that natural processes can 
only absorb about half of that amount, so there is a net increase of 10.65 billion 
tonnes of atmospheric carbon dioxide per year (one tonne of atmospheric carbon is 
equivalent to 44/12 or 3.7 tonnes of carbon dioxide). Carbon dioxide is one of the 
greenhouse gases that enhances radiative forcing and contributes to global 
warming, causing the average surface temperature of the Earth to rise in response, 
which climate scientists agree will cause major adverse effects, including reduced 
biodiversity and, over time, cause sea level rise. Figure 2.1 shows the global fossil 
carbon emission by fuel type in 1800 until 2004 AD. 
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      Figure 2.1: Global fossil carbon emission by fuel type, 1800-2004 AD. 
 
 
 The principle of supply and demand suggests that as hydrocarbon supplies 
diminish, prices will rise. Therefore higher prices will lead to increased alternative, 
renewable energy supplies as previously uneconomic sources become sufficiently 
economical to exploit. Artificial gasoline and other renewable energy sources 
currently require more expensive production and processing technologies than 
conventional petroleum reserves, but may become economically viable in the near 
future. See Energy development. Different alternative sources of energy include 
nuclear, hydroelectric, solar, wind, and geothermal (Dr. Irene Novaczek, 2007). 
 
 
 
 
 
2.1.2 Biofuel 
 Biofuels are liquid or gaseous fuel for the transport sector that are produced 
from renewable sources such as vegetable oil (palm oil, corn oil, etc) and biomass 
(Demirbas, 2007). The interests in the biofuels production are due to the price rise 
of crude oil in recent years and effort to reduce greenhouse gas emissions. The 
technological advances and innovations in biofuels production and increased 
agricultural capacities are other drivers (Chen et al., 2003; Dautzenberg and Hanf, 
2008). Biofuels offer number of advantages over the fossil fuels in term of (a) 
availability of renewable sources; (b) representing CO2 cycle in conbustion; (c) 
environmentally friendly; and (d) biodegradable and sustainable (Puppan, 2002) 
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 There are two common strategies of producing biofuels. One is to grow 
crops high in either sugar (sugar cane, sugar beet, and sweet sorghum) or starch 
(corn/maize), and then use yeast fermentation to produce ethyl alcohol (ethanol). 
The second is to grow plants that contain high amounts of vegetable oil, such as oil 
palm, soybean, algae, or jatropha. When these oils are heated, their viscosity is 
reduced, and they can be burned directly in a diesel engine, or the oils can be 
chemically processed to produce fuels such as biodiesel. Wood and its byproducts 
can also be converted into biofuels such as wood gas, methanol or ethanol fuel. It is 
also possible to make cellulosic ethanol from non-edible plant parts, but this can be 
difficult to accomplish economically. 
 
 
 
 
2.1.3 Second and Third Generation Biofuels 
 There are many other types of biofuel available including vegetable oil, 
which is used in many older diesel engines, butanol, which is seen as a replacement 
for petroleum and biogas which is produced from biodegradable waste materials. 
This technology has been expanded with the introduction of „second generation' 
biofuels which use biomass to liquid technology. Examples include biohydrogen, 
biomethanol and mixed alcohols.  
 Third generation biofuels are also known as algae fuels. They have many 
advantages including have a low input and a high yield level, they produce 30 times 
more energy per acre than land and are also biodegradable. As a result, they are 
relatively harmless to the environment if spilled.  
 
 
 
 
2.1.4 Biodiesel 
 
 Biodiesel is defined as liquid or gaseous fuel that can be produced from the 
utilization of biomass substrates and can serve as a (partial) substitute for fossil 
fuels (Giampietro et al., 1997). Biodiesel is a clean burning liquid fuel which is 
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produced from domestic, renewable resources like soybeans, peanuts and even 
recycled cooking oils or animal fats. Biodiesel refers to a non-petroleum-based 
diesel fuel consisting of short chain alkyl (methyl or ethyl) esters, made by 
transesterification of vegetable oil, which can be used (alone, or blended with 
conventional petro diesel) in unmodified diesel-engine vehicles. Biodiesel is 
distinguished from the straight vegetable oil (SVO) (sometimes referred to as 
"waste vegetable oil", "WVO", "used vegetable oil", "UVO", "pure plant oil", 
"PPO") used (alone, or blended) as fuels in some converted diesel vehicles. 
"Biodiesel" is standardized as mono-alkyl ester and other kinds of diesel-grade 
fuels of biological origin are not included.  
 
   Biodiesel is simple to use, biodegradable, non-toxic, and essentially free of 
sulfur and aromatics. Biodiesel reduces serious air pollutants such as particulates, 
carbon monoxide, hydrocarbons, and other air toxins. Biodiesel can be made simply 
and has been for over a hundred years. Biodiesel can be used as a cleaner-burning 
vehicle fuel and a source for residential or commercial heating. Figure 2.2 shows 
the space-filling model of methyl linoleate and Figure 2.3 shows the space-filling 
model of ethyl stearate. 
                                                
 
 
Figure 2.2: Space-filling model of methyl linoleate, or linoleic acid methyl ester 
 
 
 
 
Figure 2.3: Space-filling model of ethyl stearate, or stearic acid ethyl ester 
 
 
